Purpose: High childhood IQ test scores have been associated with increased alcohol dependency and use in adult life, but the relationship between childhood IQ and illegal drug use in later life is unclear. Methods: Participants were 6713 members of the 1958 National Child Development Survey whose IQ was assessed at 11 years and had their lifetime illegal drug use measured at 42 years of age. Results: In analyses adjusted for a range of covariates, a 1 SD (15-point) increase in IQ scores was associated with an increased risk of illegal drug use in women: ever using cannabis (odds ratio [OR], 1.30; 95% confidence interval [95% CI], 1.16e1.45), cocaine (OR, 1.66; 95% CI, 1.21e2.27), amphetamines (OR, 1.50; 95% CI, 1.22e1.83), amyl nitrate (OR, 1.79; 95% CI, 1.30e2.46) and "magic mushrooms" (OR, 1.52; 95% CI, 1.18e1.98). Associations were of lower magnitude in men. Conclusions: In this cohort, high childhood IQ was related to illegal drug use in adulthood.
Introduction
Children who score higher on standard tests of intelligence have lower rates of mortality in mid-to late adulthood [1] . One potential explanation for these associations is mediation via adult health behaviors. Thus, greater childhood intelligence quotient (IQ) scores are related to lower rates of smoking [2] , greater levels of physical activity, and an increased intake of fruits and vegetables [3] . Although high childhood IQ generally has been associated with favorable healthrelated behaviors, it has also been linked with alcohol dependency, more frequent alcohol consumption [4] , and excess intake of alcohol per episode [5, 6] in adulthood. There have, however, been few studies in which the authors investigated other behaviors that commonly accompany alcohol dependency, such as illegal drug use.
The few studies in which researchers investigated the link between childhood IQ and future illegal drug use have revealed highly discrepant findings with positive [7e9], inverse [7, 8] , and null associations [8, 9] reported. These studies have also been small in scale and have not benefited from assessments on socioeconomic disadvantage in childhood [10, 11] or adolescent mental health [8] .
Given that intelligence quotient (IQ) is closely associated with socioeconomic disadvantage [12] , illegal drug use [13] , as well as mental health problems [14] , these factors may be important confounds or mediators of the IQedrug use relationship. Previous authors have also concentrated on hospital admissions for drug dependency, rather than recreational use, which is more common [7] . Accordingly, we used data from the 1958 National Child Development Study, a large birth cohort with assessments on childhood IQ, illegal drug use by middle age, and a range of additional risk factors to investigate potential confounders or mediators in the IQedrug use link.
Methods
In the National Child Development Study data were collected on 17,416 individuals born in England, Wales, and Scotland during 1 week in March 1958, representing a 98.7% response [15] . In this on-going cohort study, data have been collected subsequently at 7, 11, 16, 23, 33, 42, 46 , and 50 years of age. Data on birth weight was extracted from medical records in the initial survey. Ethical approval was obtained from South East Multi-Centre Research Ethics Committee in accordance with the Declaration of Helsinki [15] .
Cognitive ability was assessed in schools at 11 years with the use of a general ability test consisting of 40 verbal and 40 nonverbal items, devised by the National Foundation for Educational Research in England and Wales [16] . Scores from this test correlate strongly with scores on a test of verbal ability used to select 11-year-old children for secondary school (r ¼ 0.93), 16 suggesting a high degree of validity.
A study questionnaire at age 42 years inquired about drug use [17] . At 11 years, assessments included parental social class (father's most recent occupation, if no father then mother's) [18] , housing tenure, household crowding, receipt of state benefits, and whether household amenities were shared, from which we constructed an index of material disadvantage [19] . Mothers completed the Rutter's Parental 'A' Scale of Behaviour Disorder [20] , which we used to create measures of antisocial behavior and anxiety [19] .
At the 42-year follow-up, information was collected on social class using occupation [18] , levels of psychological distress (General Health Questionnaire) [21] , age when full-time education was completed, and illegal drugs in the past 12 months, or ever. These drugs included cannabis, cocaine, amphetamines, ecstasy, lysergic acid diethylamide (LSD), amyl nitrate, magic mushrooms (ie, psilocybin mushrooms), temazepam, ketamine, crack, heroin, methadone, and a fictitious drug, semeron, to identify deceivers. Because the use of semeron was rare (N ¼ 17; 0.15%) and removal of these participants had little effect on estimates, they were left in the analytical sample.
A total of 15,606 members of the 1958 cohort believed to be eligible (89.6% of those in the baseline survey) were traced, and 11,413 interviewed at 42 years. The present analyses are determined by 6713 (58.8% of those interviewed at 42 years) members who had complete data on intelligence at 11 years, drug use at 42 years, and the aforementioned covariates described. Cognitive ability scores were transformed into IQ equivalents to give a cohort mean of 100 and standard deviation of 15.
Preliminary analyses revealed that, at the 42-year follow-up, the use of drugs in the past 12 months was rare (only cannabis was used by >1% of the cohort), as was the lifetime use of crack (0.01%), heroin (0.06%), methadone (0.06%), and problem drug use (0.15%: defined as having seen as "specialist"/been to a hospital about drug use), such that estimates would not be precise. We therefore used assessments of the lifetime prevalence. The IQ score of those included in the analytical sample (mean 102.40; SD 13.99) was slightly greater than those not included (mean 97.83; SD 15.54; P < .001).
To summarize the relationship between childhood IQ and the covariates, we used Spearman and Pearson correlations. We used c 2 tests to examine differences in the lifetime prevalence of reported drug use between men and women. We then used binary logistic regression to examine risk of using each drug per SD increase in IQ scores at 11 years. These analyses were adjusted for separately for potential confounds (birth weight, parental social class, material disadvantage) and mediating factors in childhood (anxiety, antisocial behavior) and adulthood (social class, age left education, psychological distress), followed by a full adjustment. In preliminary unadjusted analyses, associations between IQ and drug use were stronger in women than men for the lifetime use of cannabis (P for interaction ¼ .04), amphetamines (P ¼ .009), amyl nitrate (P ¼ .003), magic mushrooms (P ¼ .009), cocaine (P < .001), the use of any drug (P ¼ .01), but not ecstasy, LSD, or temazepam. We therefore present results separately for men and women.
Results
Of the 3509 male and 3204 female study members, 38.7% and 24.0% had used cannabis by 42 years of age, respectively. The lifetime prevalence of drug use was greater in men than women for all drugs (P < .03). Table 1 shows that, on average, men and women with a greater IQ at age 11 came from a more advantaged socioeconomic background, experienced less material disadvantage, and showed less evidence of antisocial behavior as children. In women, but not men, there was an association between greater IQ and lower levels of anxiety in childhood. As anticipated, high IQ scores at 11 years were also linked to a higher achieved social class, and age at which study members left education.
In Table 2 , we show the association between IQ and drug use before and after adjustment for a series of other potential risk factors. In men, after full adjustment for all risk factors, a 1 SD increase in IQ scores at 11 was associated with an increased risk of using cannabis (odds ratio [OR], 1.28; 95% confidence interval [95% CI], 1.17e1.39), LSD (OR, 1.28; 95% CI, 1.07e1.54), amyl nitrate (OR, 1.28; 95% CI, 1.07e1.54), magic mushrooms (OR, 1.26; 95% CI, 1.08e1.46), and any drug (OR, 1.28; 95% CI, 1.07e1.54) but not cocaine, amphetamines, ecstasy, or temazepam. These associations were replicated in women, with significant associations also found with cocaine (OR, 1.66; 95% CI, 1.21e2.27) and amphetamines (OR, 1.50; 95% CI, 1.22e; 1.83). Relative to the univariable model, the associations between IQ and most drugs were materially unchanged after these adjustments. Cocaine and amphetamine use in men, and LSD use in women, were however attenuated after adjustment for socioeconomic advantage in childhood or adulthood.
Discussion
In this longitudinal, population-based sample, children with a greater IQ were more likely to have used illegal drugs by middle age. These findings were little changed when we took into account a series of physical and psychosocial factors across the life course. These results add to the limited evidence which suggests that greater IQ in childhood might be linked with greater use of illegal drugs in adulthood [22e24]. Of particular relevance is our replication of stronger associations between IQ and drug use in women than men [22] , a finding which has been found to also apply to the relationship between childhood IQ and excess alcohol consumption and alcohol dependency in adulthood [4, 6] .
This study has several strengths, including its large sample size and detailed data on the participants' early life that allowed us to adjust for a range of potentially mediating and confounding factors. There were also some limitations. First, those in the analytical sample represented 58.8% of participants who attended at age 42, and those who were excluded had slightly lower IQ scores. Second, as we used the lifetime prevalence of drug use, it is possible that drug use occurred before our IQ was assessed. However, most first experiences with drugs occur between 15 to 24 years of age [25, 26] , it is unlikely drug initiation preceded assessment of cognitive ability at age 11. Third, no information was recorded on the age when illegal drugs were first used. Nor was there information regarding length of time of drug use, or patterns of use throughout the life course. This information would have been useful in determining the timing and content of drug prevention interventions. However, the pattern of attenuation we observed may help to inform the content of drug prevention interventions. If social class is acting as a mediator of the IQ-drug use relation, this suggests that more resources should be devoted to increasing IQ in children. Conversely, if social class is acting as a confounder in the IQedrug use relation, interventions should attempt to increase access to education, training, and employment.
In conclusion, in our large population-based cohort study, IQ at 11 years was associated with a greater likelihood of using selected illegal drugs 31 years later. These findings suggest that, in contrast to most studies on the association between childhood IQ and later health [27] , a high childhood IQ may prompt the adoption of behaviors that are potentially harmful to health (ie, excess alcohol consumption and drug use) in adulthood [4, 6] . Examination of childhood IQ with other risk factors for drug use may aid understanding the mechanisms underlying these associations, and inform interventions for reducing the impact of these behaviors. 
